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Abstract

In 2013, the National Park Service Great Lakes Inventory and Monitoring Network (GLKN) joined
an ongoing collaborative project with the U.S. Environmental Protedgiemcy (EPA) Region 8
analytical laboratory in Golden, Colorado, NPS Water Resources Division (WRD), and six other
NPS Inventory and Monitoring Networks to sample park surface waters for contaminants of
emerging concern (CECs)he CECs for this study agenerally classified as pesticides,
pharmaceuticals and personal care products, and wastewater indicators. The purpose of this study is
to document the occurrence of CECs in surface waters located in and near select GLKN park units,
with the objectives ot) sampling at locations where previous sampling or land use activities indicate
CECs may be present, or at locations where baseline data are unavailable, 2) reporting data collected,
analytical results and the distribution of detections among sites,)g@mdwdding NPS with CEC
concentration information at low detection limi&LKN and park staff monitored CECs at four
Mississippi River sites and at Coldwater Spring at Mississippi National River and Recreation Area
(MISS) in April, June, and November 2913 and in July and August in 2014 2014CECs were

also monitored at seven Lake Superior sites within Apostle Islands National Lakeshore (APIS; June,
July, and August) and at 19 sites at Indiana Dunes National Lakeshore (INDU; Novekiiber)

samples wee analyzed for pesticides, pharmaceuticals, and personal care products (212 total
analytes); a subset of samples was evaluated for wastewater indicators (52 total ahhé/teal

number of pesticide, pharmaceutical, and personal care product adetget®d from river, stream,

and ditch sites at MISS (44) and INDU (42) were much higher than those detected in the nearshore
Lake Superior waters at APIS (5). For analytes detected in at least 50 percent of all samples,
pesticides, mainly in the form brbicides or associated breakdown products, were the most
common class of analyte found at MISS and IN@adbapentin, a pharmaceutical used to treat
epilepsy and neuropathic pain, was widespread in surface waters across all three parks sampled; it
was degcted in 80, 29, and 58 percent of samples collected at MISS, APIS, and INDU, respectively
Wastewater indicator samples were collected infrequently, but flame retardants, which are one type
of wastewater indicator, were detected in samples from all Wwathr types. This indicates that
contamination from flame retardants is pervasive and widesprbacewas a clear pattern of

increasing numbers of CEC detections from upstream to downstream for Mississippi River sites,
most likely as a result of contamimtacontributions from the Minnesota River, Metro Wastewater

Plant, and other point and nonpoint sources within Minneapolis and StMraésota A seasonal

pattern was also apparent for the Mississippi River sites at St. Paul, Newport, and Hastings,
Minnesotawith a higher number of detections in early spring and late summer or fall and lower
detections in early summer. GLKN is collaborating with the USGS Minnesota Water Science Center
to compare concentrations of detected pesticides, pharmaceutitglsraonal care products, and
wastewater indicators against known environmental thresholds, and where possible, with CEC data
from other studiedn 2015 GLKN will focus surface water CEC monitoring activities on up to nine
inland lakes at Isle Royale Natial Park, where the number of CECs is hypothesized to be very low,
as these lakes are isolated and generally are only exposed to CECs through atmospheric deposition
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Introduction

The National Park Service (NPS) Great Lakes Inventory and Monitoring Network (GLKN) includes
nine national park units in the upper Midwest: Voyageurs National Park (VOYA), Mississippi
National River and Recreation Area (MISS), St. Croix National Scener®ay (SACN), Apostle
Islands National Lakeshore (APIS), Grand Portage National Monument (GRPO), Isle Royale
National Park (ISRO), Indiana Dunes National Lakeshore (INDU), Pictured Rocks National
Lakeshore (PIRO),and Sleeping Bear Dunes National Lake§BbBE) (Figure 1)As a program of

the NPS, GLKN staff conduct loAgrm monitoring of critical park resources, or vital signs, at these
national parks

Fresh water is an internationally important recreational, commercial, political, and ecological

resouce shared by these nine par& KN and park staff monitor a number of important water

related vital signs through implementation of monitoring protocols for inland lakes (Elias et al.

2008), large rivers (Magdalene et al. 2008), diatoms (Ramstack?@08|) , and wadeable streams

(in development)However, vital signs monitored through these protocols do not include monitoring
surface waters for the presence of pesticides, pharmaceuticals, personal care products, and
wastewater indicators (collectivelye f er red t o as AContaminants of
hereafter)Because many GLKN parks are potentially impacted by adjacent agriculture, mineral
exploration and extraction, atmospheric deposition, and waste water treatment discharge, it is
important to assess if anthropogenic contaminants are present in park waters and to identify potential
sources of contamination to these protected areas.

In 2013, GLKN joined an ongoing collaborative project with the U.S. Environmental Protection
Agency (EPA) Repn 8 analytical laboratory in Golden, Colorado, NPS Water Resources Division
(WRD), and six other NPS Inventory and Monitoring (I&M) Networks to sample park surface waters
for CECs For this project, &M or park staff collected samples, the EPA Regiab@&&tory

analyzed the samples and provided results, WRD staff managed and archived the data, and I1&M staff
interpreted data and reported results to parks within their respective networks.

Surface water sampling allows for the characterization and asssisshsurface water quality
conditions in relation to contaminant sourdeata support establishment of CEC baseline levels,
impacts, impairments or levels of degradation from some potential sources and identification of the
need for responsive publicdenvironmental health decisiofi$e purpose of this study is to
document the occurrence of CECs in surface waters located in and near select GLKN park units.
Objectives include:

9 Collect high quality surface water samples at locations where previousrsgumpland use
activities indicate CECs may be present, or at locations where baseline data are unavailable.

1 Report data collected, analytical results and the distribution of detections among sites.

1 Provide NPS with CEC concentration information at letedtion limits.
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Figure 1. Locations of nine national parks in the Great Lakes Inventory and Monitoring Network. Parks
monitored for contaminants in surface waters (highlighted in yellow) include Mississippi National River
and Recreation Area (2013 and 2014), Apostle Islands National Lakeshore (2014), and Indiana Dunes
National Lakeshore (2014).

The number and type of samples allocated to GLKN for this project is negotiated annually by
representatives from EPA, NPS WRD, and NPS |&dcause the EPA sanagphanalysis is provided
in-kind, the overall number of samples allotted and the timing of sample collection assigned to each
I&M Network in any given year is conservativa 2013 GLKN was assigned to monitor CECs in

April, June, and NovembekISS was seleted for monitoring because of 1) the availability of ice

free surface water in April and November, and 2) the existence of previous (Meade 1995, Fallon et
al. 1997, Lee et al. 2008, Wiener and Sandheinrich 2010) and ongoing (Route et al. 2014a, 2014b;
MCES 2015 studies of the same or similar CECs in or near MISS that might be comparable to those
assessed in this project

In 2014 GLKN targeted nearshore waters of Lake Superior within APIS for monitoring CECs in
June, July, and AugusAPIS was selected fanonitoring because 1) although Lake Superior is
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influenced by both point (e.g., wastewater treatment plants) and nonpoint source (e.g., atmospheric
deposition) contaminant inputs, CECs analyzed in this study are not routinely studied within park
boundares, and 2) fewer numbers of CECs were expected to be detected at APIS, which would
provide a contrast to the relatively higher number of contaminants previously detected at MISS in
2013

Despite the limited availability of information on contaminanthmnearshore waters of Lake
Superior within APIS, some contaminants monitoring work in surface water, sediment,
macroinvertebrates, and fish MR 1977, Strachan and Glass 1978, Kraft et al. 2007, Hobbs et al.
in press), as well as bald eagles (Route.2@4a, 2014b) has taken place, which might be
comparable to results obtained from this project

In 2014, some additionaand previously unplannedionitoring also toolplace at MISS (July and
August) and INDU (November) when samples and associated months opportunistically became
available Monitoring at MISS took place at the same sites as in 2013 to screen for CECs during
previously unmonitored months. This was complateorder to obtain a better overall understanding

of spatial and seasonal patterns for detected contaminants on the MississipgNRilewas

chosen for monitoring because of its urban setting and close proximity to a number of industries that
have thepotential to introduce CECs to park surface waters (Arihood 1975, Hardy 1983, Egler et al.
2013) or to tributaries of the park (Lafrancois and Glase 2005).






Methods

The following paragraphs outline rationale used to select siteslapadg methods used to collect
and analyze samples for contaminants, and data management and summahkizatioplete

description of field and laboratory methods can be found in the Quality Assurance Project Plan for
this CEC screening effort (NPS 2014)

Site Selection

Four mainstem Mississippi River sites (identifi
numbers) and one natural spring site were selected for monitoring at MISS (Figure 2) through
consultations among GLKN, MISS, and U.S. Geolog&aivey (USGS) Minnesota Science Center

staff, for the following reasons:

1 UMB883 (Elk River, MN)i site is just upstream of the park boundary and integrates all
upstream conditions over a mix of different land uses.

1 UMB839 (St. Paul, MN) site is downstrearof the confluence of the Minnesota River but
upstream of the Metropolitan Wastewater Treatment Plant (Metro Plant) and integrates all
upstream conditions, including contributions from the Minnesota River and its associated
agricultural inputs.

1 UMB831 (Newprt, MN) T site is downstream of the Metro Plant and integrates all upstream
conditions, including contributions from the Metro Plant, which potentially is a major point
source of CECs.

f UMS815 (Hastings, MN) si te i s a few mil esstreaagmbdundaram of t
and integrates all upstream conditions at MISS just above the confluence of the St. Croix
River

1 Coldwater Spring (Fort Snelling, MN)site is a natural spring on a recently acquired park
property The spring is culturally significant anéé been a source of drinking water for
hundreds of years.

Seven Lake Superior nearshore monitoring sites at APIS (Figure 3) were selected through
consultation with GLKN and park staff, for the following reasons:

1 APIS0984 (Long Island} site is within aractive bald eagle territory where persistent and
bioaccumulative CECs are being monitored in bald eagle nestlings (Route et al. 2014a,
2014b), and CECs in water, sediment, and fish were previously monitored by the EPA
(Hobbs et al. in press). Collectionadditional baseline contaminant data is warranted in the
area prior to potential mining activities in the headwaters of the Bad River watershed.
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Figure 2. Surface water contaminant monitoring locations (water drops) at Mississippi National River and
Recreation Area in 2013 and 2014. Park boundary shown in orange.

1 APIS0914 (Michigan Island} site is within an active bald eagle territory where persistent
and bioaccumulativ€ECs are being monitored. Higher levels ofdaluble CECs have been
documented in eagle nestlings from nests on islands farther from the mainland (Route et al.
2014a, 2014b), and CECs in water, sediment, and fish were previously monitored by the
EPA. The site is also within an important lake trout spawning area (no fishing around the
island).

1 APIS0903, 62, 30, 09 (Bear, Rocky, and Devils islands, and Little Sand Bay, respedtively)
sites are within an active bald eagle territory where contaminanteizg monitored.
Higher levels of fasoluble CECs have been documented in eagle nestlings compared to
other eagle monitoring sites at APIS, and CECs in water, sediment, and fish have been
previously monitored by the EPA.



1 APIS-Outer (Outer Island) site s within an active bald eagle territory where CECs are being
monitored. The highest levels of fabluble CECs have been documented in eagle nestlings
(Route et al. 2014a, 2014b) at APIS.
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Figure 3. Surface water contaminant monitoring locations (water drops) at Apostle Islands National
Lakeshore in 2014. Park boundary shown in orange.

Nineteen stream, river, or ditch sites at INDU (Figure 4) were selected and monitored by park staff
for the following reasons (J. Dickgyers. comm.):

1 INDUO029, 459, 475503, 539, 900, 901, 902, 903, 904, 905, and-30&s are part of an
ongoing monitoring effort of the East Branch of the Little Calumet River (EBLC); sections of
which run through INDU before entering Lake Michigan via Burns Waterway. Many of these
siteshave been sampled within the past three to four years for any combination of fish,
macroinvertebrates, water chemistry, nutrient levels, stream flow, woody debris content, and
sediment transport. Federal and state agencies, educatstitations,and ron-profit
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organizations have sampled at these sites because of their ease of access and relative
contributions to the EBLC watershed.

1 INDUO082, 144, 164, 243, 262, 328, and 4Gites are independent of the EBLC and feed
directly into Lake Michigan. Sitesclude Brown Ditch, Derbitch, and Dunes Creek.
Brown and Derby ditch discharge into Lake Michigan on INDU property. These sites may be
potential sources of CECs because of contributions from nearby roads, residences, or other
human activities (e.g., #fient discharge into Dunes Creek from a recently established
waterpark) and are being monitored for at least fish and water chemistry.

Figure 4. Surface water contaminant monitoring locations (water drops) at Indiana Dunes National
Lakeshore in 2014. Park boundary shown in orange.

Field Sampling

In 2013, samples were collected at five locations within MISS in April, June, and Noveémber

2014, samples were collected at: seven locations within APIS in June, July, and August; the same
five MISS locationghat were sampled in 2013 in July and August; and 19 sites within INDU in
November Samples were collected for pesticides, pharmaceuticals, and personal care products at all
sites during each monitoring event. Samples were also collected for wastediagoimcompounds

at a subsetf parks and sites (Table.1)
































































































